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In August 2007, Canadian transportation officials were mystified as a four-lane highway on Vancouver Island experienced an eight-week-long influx of over a million young toads. More than 6000 penny-sized toadlets per day crossed the road at the peak of this amphibian deluge. Quick action by local amphibian consultant Elke Wind mobilized professionals and volunteers, and safe passage was provided for about 58,000 toads, funneled with temporary fences and collection buckets. Why did the toads cross the road? To get to the other side, of course. Animals move around to find food, mates, and shelter or to avoid predators.
Roads connect our own species but disconnect the landscape for others, explains Richard T. T. Forman, a professor at Harvard University's Graduate School of Design and a pioneer of road ecology, the study of the impact of roads and vehicles on the natural world.
Beyond the direct mortality of millions of animals, roads produce many other direct and indirect effects, including habitat destruction and degradation, pollution, noise, animal avoidance and mortality near roads and roadside areas, genetic isolation, and the spread of exotic species like weeds. The physical footprint of approximately 4 million miles (6.3 million kilometers) of US roads is staggering in itself, but the ecological footprint extends much farther, directly affecting about 20% of the landscape, as Forman calculated in a 2000 article in Conservation Biology.
One of these impacts is habitat fragmentation, a process that "matters to individuals as well as populations," says University of Alberta professor Colleen Cassidy St. Clair. An expert on fragmentation's impacts on wildlife, she investigates how barriers affect birds, ungulates, bears, and wolves. St. Clair's research, combined with that of many others, has laid the groundwork for ecologists, environmental designers, and transportation planners to collaborate on solutions.
In Banff National Park, where the busy Trans-Canada Highway bisects habitat critical to species such as the grizzly, Montana State University's Tony Clevenger and other biologists suspected that the road formed a barrier to gene flow. Clevenger's 15-year research program facilitated the design of Banff 's wildlife overpasses, now considered examplars of habitat corridors. Bears, long-lived animals, took five to six years to start using the crossing structures on a regular basis, explains St. Clair. But now, just over 10 years later, cameras have documented hundreds of grizzly crossings, and it is clear "that the habitat connectivity has been restored," she says.
Forman is enthusiastic about the speed with which transportation planners have adopted ecological considerations as a new norm for roads. When he published his 2003 multiauthored book, Road Ecology: Science and Solutions, he imagined many small projects enhancing ecology. Eight years later, his book has reached planners continent-wide, and many states are now putting road ecology solutions to work.
One size and strategy does not fit all, but researchers have identified factors that can inform the design of effective mitigation structures, such as a crossing structure's location; size; shape; openness; habitat cover; fencing; and surrounding environmental conditions, including moisture, temperature, light, and substrate.
What works for one species may be inadequate for others, explains Utah State University professor Patricia Cramer. For large mammals like mule deer, wildlife crossings every half mile may be adequate, but for smaller animals like frogs, wildlife crossings should be located every few yards.
Cramer, a member of the National Academies Transportation Research Board (TRB) Ecology and Transportation Committee, explains that the priorities are "avoid, minimize, and mitigate." So avoiding road construction to begin with or restoring disused roads to natural habitat is a top priority from an ecological perspective. The TRB committee, chaired by ecologist Alex Levy, serves as a facilitator for identifying research needs and "brings the research… to an audience of practitioners," he says.
Road ecology is now the subject of dedicated conferences, such as the International Conference on Ecology and Transportation. Experts feel that it is time to broaden the local scale and to examine the ecological impacts of roads on wildlife populations, communities, and ecosystems.
Foreman's initial goal of "getting science on the table" has been achieved. He and a colleague from the University of California, Davis, engineering professor Daniel Sperling, now have larger ambitions. Phase two is a vision to "reknit the emerald network." Foreman believes that it is time for solutions to problems caused by roads and traffic, including not only threats to biodiversity but also the dependence on oil, the production of greenhouse gases, fatal crashes, reduced recreational opportunities, and problems associated with the long-distance transport of food. Noting that motorized surface transport has not really changed since the 1920s, when "asphalt ribbons were rolling across the land," Forman and Sperling foresee a day when elevated "netways" and podlike lightweight vehicles will cruise above rural landscapes, getting roads and vehicles off the land surface, as described in their 2011 article in Solutions. This vision is bold, yet technically feasible, and with one vision already achieved, perhaps we are on the road to success.
